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ABSTRACT
This investigation studied the level of understanding of the nature of immunizations and
vaccine preventable diseases in undergraduate students at Bethel University.
Immunization literature demonstrates a significant lack of understanding in the general
population in relation to the nature of vaccine preventable diseases and the
immunizations used to counter them. Furthermore, the literature concludes that such a
grossly inadequate understanding of the nature of vaccine preventable diseases may
precipitate dire epidemiological consequences. This investigation was a preexperimental design and utilized a short questionnaire administered one time to a
sample population of 171 subjects over 18 years of age who were enrolled in an
undergraduate college degree program at Bethel University. Results of this study
indicated that there was a statistically significant difference in how much science majors
know about vaccines compared to non-science majors. In addition, there was a
statistically significant difference in the opinions of these two populations on
vaccinating themselves and their children. Science majors felt it was much more
important to vaccinate themselves and their children than did non-science majors. The
investigators of this study hope that the elicited data will be useful in identifying
potential areas of immunization education among undergraduates in the Twin Cities.
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Chapter 1 - Introduction
Background
Vaccines are one of the great inventions of modern human history. A simple

injection is able to prevent measles, mumps, rubella, diphtheria, pertussis, tetanus
and many other diseases. However, opponents of vaccines both nationally and
internationally have taken issue with various parts of the vaccine by calling to

question their safety and efficacy. A recent study in Nigeria found that some refusals
of the oral polio vaccine (OPV) had stemmed from community leaders banning the
vaccine, claiming that the vaccines were filled with HIV or were an attempt to

sterilize their female population (Michael, Ogbuanu, Storms, Ohuabunwo, Corkum,
Ashenafi, Achari, Biya, Nguku and Mahoney 2014). Another study looking at the

recent measles resurgence in the United States [US] documented that some of the

backlash against vaccines stems from religious conflicts with the rubella portion of

the Measles Mumps and Rubella [MMR] vaccine containing tissue of aborted human
fetuses (Wombwell, Fangman, Yoder and Spero 2014). Another common reason for
vaccine refusal is parents who feel that the vaccines are unsafe for their children,
whether through the ingredients used in manufacturing the vaccine or the belief

that the injection may give their child autism (Saada, Lieu, Morain, Zikmund-Fisher
and Wittenberg 2014).

Such opposition presents in the context of the immense disease reduction

that has occurred secondary to the use of vaccines. Since the licensure of the

measles vaccine in the US in 1963, over a 99% reduction has occurred in cases from
the estimated 400,000 per year (Stratton, Ford, Rusch and Clayton 2012). Mumps
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has seen a similar reduction in prevalence since the creation of its vaccine in the
1960s, decreasing by 99% from 1968 to 1995 (Stratton et al. 2012). If Rubella is

contracted during pregnancy it can lead to fetal defects such as transient thrombotic
thrombocytopenic purpura, mental retardation, hepatitis, myocardial disorders and
meningoencephalitis (Stratton et al. 2012). All of these conditions can be prevented
in pregnancy if the mother has been effectively vaccinated as a child. In addition to
the MMR vaccine, the use of vaccines in children in the United States has reduced
the number of deaths from preventable diseases by an estimated 732,000 and
lowered hospitalizations due to these illnesses by 21 million from 1994-2013
(Whitney, Zhou, Singleton and Schuchat 2014).

In addition to the reduction in co-morbidities of vaccine-preventable

illnesses the vaccination of children has immense financial implications. The use of
vaccines has dramatically reduced the number of hospitalizations for vaccine-

preventable illnesses by 21 million from 1994-2013 (Whitney et al. 2014). The

reduction in hospitalizations is estimated to have saved $295 billion in direct costs
and resulted in estimated societal savings of $1.38 trillion (Whitney et al. 2014).
The recent trend in vaccine refusal has led to the resurgence of several

vaccine-preventable illnesses around the globe. In August 2013, an outbreak of

pertussis occurred in a K-12 school in Columbia County Florida in which 84% of the
children who were not immunized had religious exemptions for vaccinations

(Matthias, Dusek, Pritchard, Rutledge, Kinchen and Lander 2014). In institutions

where vaccinations are normally a requirement for enrollment, families may obtain
2

a religious exemption for their child. Unvaccinated persons in a population [whether
it is through refusal, exemption or ineffectiveness of the vaccine] rely on herd
immunity [the immunity of the rest of the population] to protect them from

infection by vaccine-preventable illnesses (vaccines.gov 2013). In areas where a
majority of the population is not vaccinated, such as the Florida K-12 school

(Matthias et al. 2014), these students cannot rely on herd immunity to reduce their
risk of catching the disease.
Problem Statement

The purpose of this study was to assess the level of understanding of

immunizations and their specific diseases and to identify potential areas of

education among a sample of undergraduate students at Bethel University. To that

end, the following aspects of survey participants’ knowledge of immunizations were
analyzed:
•

•
•
•
•

The sample population’s knowledge of various diseases which are vaccinepreventable

The knowledge of potential adverse side-effects from vaccines

The portion of the sample population that is currently vaccinated

The portion of the sample population that intends to vaccinate their children
Identification of individual self-understanding of vaccinations
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Research Question
The following research question was addressed in this study: What is the

current understanding of the nature and the importance of vaccinations in
undergraduate students at Bethel University?
Significance

Immunization coverage is of central importance in the battle with human

vaccine-preventable diseases at both the individual and community level. Adequate
immunization coverage presents not only a tremendous logistical challenge with
implementation alone, but also is challenged by the beliefs and preferences of

individuals who have the ability to defer or decline immunization. According to the
Centers for Disease Control and Prevention [CDC], parental attitudes and beliefs

about immunizations play a larger role in non-vaccinated children worldwide as

opposed to partially vaccinated children (children who have received one or two
shots in a three shot series). Immunization coverage is limited rather by vaccine
supply and other logistical factors (Centers for Disease Control and Prevention

2013). According to the CDC’s Morbidity and Mortality Weekly Report of November
2013, children who have not had any immunization shots for Diphtheria-Tetanus-

Pertussis [DTP] represent 56% of incomplete DTP-vaccinated children worldwide.
In other words, 12.5 million children have not had any immunizations for DTP,

while 10 million children have received at least one of the three-dose DTP series but
may be hindered from series completion by various logistical factors (CDC 2013).
Whether due to parental attitudes or logistical factors, this lack of

vaccination coverage has been exposed in recent years with the resurgence of
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pertussis in the United States (Debolt, Tasslimi, Bardi, Leader, Xuan, Patel,

Martin, Tondella, Cassiday, Faulkner, Messonnier, Clark and Meyer 2012). Since

the 1970s, a gradual and sustained increase has been observed in pertussis cases
across the country particularly in children. An increased incidence of Pertussis
exists in 7-10 year olds since just the mid-2000s (Debolt et al. 2012). Studies
point out that the switch to an acellular vaccine (DTaP) from a whole-cell

vaccine (DTwP) in the late nineties may have led to unforeseen “waning” or lessdurable immunity. This change in vaccine type could be contributing to a

resurgence of pertussis in certain DTaP vaccinated age groups. Other studies

highlight a profound lack of pertussis vaccination coverage (Debolt et al. 2012;

Williams, Lu, O’Halloran, Bridges, Pilishvili, Hales and Markowitz 2014). In 2012,
CDC affiliates determined that only 14.2% of adults ages 19 or older were

vaccinated for pertussis in the United States. Just 25.9% of adults ages 19-64
who report living with an infant less than one-year-old were vaccinated

(Williams et al. 2014). These factors almost certainly played a role in the

pertussis epidemic of Washington State as declared by the Washington State
Secretary of Health on April 3, 2012. By this time, Washington had seen a
1,300% increase in cases over a period of about one year, noting 2,520

confirmed cases- the most reported in any year since 1942 (Debolt et al. 2012).
CDC affiliates who studied the Washington pertussis epidemic recognize the

possible drawbacks of the acellular pertussis vaccination, but are nevertheless

firm in their recommendation of full DTaP and Tdap implementation (Debolt et
5

al. 2012). These affiliates insist that vaccination remains the single most effective
strategy in the reduction of morbidity and mortality secondary to pertussis

(Debolt et al. 2012). They further note that unvaccinated children are at least

eight times more likely to develop infection than fully vaccinated children, and
although those with the DTaP vaccination are still able to develop pertussis,
vaccinated children are less infectious, experience milder, less progressive
symptoms and recover sooner (Debolt et al. 2012).

In light of inadequate vaccination coverage and the resurgence of vaccine-

preventable diseases, health organizations like the Centers for Disease Control
and Prevention highlight the need for intervention. In their Morbidity and
Mortality Weekly Report of February 2014, CDC affiliates conclude that

vaccination rates in adults must improve in order to reduce health consequences
and specifically, to prevent morbidity and mortality in infants, who depend on
the protection of the Tdap vaccine during pregnancy. The CDC recommends
three strategies central to successful implementation: first, education and

promotion of immunizations; second, augmentation of access to vaccines; third,

utilization of established practices which have been shown to improve coverage,
such as reminder-recall systems and routine adult vaccination assessments
(Williams et al. 2014).

As noted above, societal education about immunizations is crucial in

improving compliance to recommended vaccinations. Improved vaccine

coverage is in turn vital in combating vaccine-preventable human diseases.
6

These insights are the foundation of this investigation which sought to measure
understanding of vaccinations at Bethel University and to gain further

understanding for the improvement of societal education. Before field research
began, the investigators observed that the literature supports a lack of

immunization understanding among the general population. A study conducted
in an accident and emergency unit in the United Kingdom sought to evaluate

patient understanding of the use of adsorbed tetanus toxoid (ATT) through the

use of a short questionnaire (Davies, Luke and Burdett-Smith 1996). The results
of their investigation are alarming; 50.4% of respondents believed ATT to

actually be an antibiotic, while 81% believed it would protect against infection,

and 35.6% believed further antibiotic treatment to be unnecessary (Davies et al.

1996). Such misunderstandings of the nature of immunizations alone expose the
need for improved societal education. Misconceptions about immunizations not

only place entire populations at risk for vaccine-preventable human diseases but
have implications for other bacterial infection and antibiotic resistance as

evidenced from the United Kingdom research. This investigation sought to
address the serious issue of inadequate societal understanding of

immunizations, with the goal of providing insight into the improvement of
societal education.
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Chapter 2: Literature Review
Introduction
This comprehensive review of the literature is focused on answering the

following question: What is the level of understanding of vaccinations in

undergraduate students in the Metro Area of Minneapolis and St. Paul? This review
utilized database search engines to gather information from primary research

articles, literature reviews and government websites. This review will discuss the

background of immunizations, current vaccination coverage, vaccines and autism,

denialism, relativism and logical fallacies, internet use in vaccine research, the role
of the health care provider in vaccine education, the investigation of community
understanding of immunizations, parental attitudes and beliefs pertaining to

immunizations, vaccination understanding in the elderly and studies conducted in
the Twin Cities region.
Background

Vaccines have greatly reduced the occurrence of vaccine preventable

diseases in the United States (U.S.) (Stratton, Ford, Rusch and Clayton 2012).

Vaccines have also saved the U.S. approximately $295 billion on healthcare from

1994-2013 alone (Whitney, Zhou, Singleton and Schuchat 2014). Vaccination rates
are currently quite strong in the U.S. and other developed nations (Seither,

Masalovich, Knighton, Mellerson, Singleton and Greby 2014). However, some

resistance to the universal implementation of vaccines exists, most of it brought on
by fear and misinformation (Smith, Hutchinson, Marcuse, Zhao, Dorell, Howes and

Hibbs 2011). Contributing to this fear is the newly developed concept of denialism
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used by anti-vaccination activists and information websites (Dubé, Laberge, Guay,

Bramadat, Roy and Bettinger 2013). Because of the fears surrounding vaccinations
and the misinformation on the internet, it is important for clinicians to understand
the impact they have in educating their patients on vaccines (Benin, Wisler-Scher,
Colson, Shapiro and Holmboe 2006; Ramsey and Marczinksi 2011).
Current Vaccination Coverage

Specifically for the United States, the Centers for Disease Control and

Prevention (CDC) and the Office of Disease Prevention and Health Promotion have

set goals for the level of immunization among the U.S. population to reach by 2020.
According to the Healthy People 2020 campaign goals, the levels of immunization
among children age 19-35 months for the following diseases should be >90%:

measles-mumps-rubella (MMR), diptheria-tetanus-acellular pertussis (DTaP),
Haemophilus influenza type b (Hib), poliovirus, varicella-zoster virus (VCZ),

pneumococcal conjugate vaccine (PCV), hepatitis A, hepatitis BVac and rotavirus
(healthypeople.gov/2020).

The U.S. is currently making great progress towards the goals set forth by the

Healthy People 2020 campaign, however some improvement is needed in many

states. In October 2014 the CDC conducted a study surveying the current level of

vaccination coverage of children in kindergarten nationwide for 2013-2014. In this
study it was found that 8 out of 50 states had MMR coverage <90% and 6 out of 50

states had DTaP coverage < 90% (Seither et al. 2014). In states that required only 1
dose of the varicella-zoster vaccine there were 0 states < 90%, however in states

requiring 2 doses there were 9 states <90% coverage (Seither et al. 2014). As for

9

Minnesota specifically, the coverage rates for MMR, DTaP and VCZ were all above
90% for 2013-2014 (SeithRer et al. 2014).
Vaccines and Autism

A lightning rod issue for the anti-vaccination movement has been the recent

belief that childhood immunizations cause children to develop autism. This

movement has continued to persist in spite of extensive studies to the contrary

(Stratton et al. 2012; Gerber and Offit 2009). Gerber and collaborators found that at
least twenty epidemiological studies have been done showing that there is no

correlation between the MMR vaccine and autism (Gerber and Offit 2009). Despite
the overwhelming scientific evidence to the contrary, fear of autism is still

commonly given as a reason by parents against vaccinating their children (Smith et
al. 2011; Dubé et al. 2013).

Denialism, Relativism and Logical Fallacies
Opinions about vaccines generally come after someone has done the research

on the topic to come to an informed decision. Studies have shown that most anti-

vaccination websites contain largely anecdotal evidence (i.e. personal stories) and
incorrect information containing no scientific evidence or support (Kata 2010;

Zimmerman, Wolfe, Fox, Fox, Nowalk, Troy and Sharp 2005). Kata in her study

claims that this dilemma is part of a larger cultural phenomenon called “denialism”
(Kata 2010). Denialism is defined as the following “the employment of rhetorical
arguments to give the appearance of legitimate debate where there is none, an

approach that has the ultimate goal of rejecting a proposition on which a scientific
consensus exists” (Diethelm and McKee 2009).
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This concept of denialism ties into the emerging cultural trend of relativism

and the use of logical fallacies as proof of damage caused by vaccines. Webster’s

dictionary defines relativism as “the belief that different things are true, right, etc.,

for different people or at different times” (Merriam-webster.com). Use of relativistic

thinking in regards to the adverse effects of vaccines leads to anti-vaccination

advocates using logical fallacies to explain events. In a study by Zimmerman et al. in

2005, it was determined that the use of relativistic thinking has led to the use of two
specific logical fallacies for arguing against the use of vaccines: post hoc ergo

propter hoc [occurring afterwards, therefore occurring because] and faulty dilemma
(Zimmerman et al. 2005). The use of “post hoc ergo propter hoc” logic supposes that
a child with autism, who also was vaccinated, must have developed autism as a

result of the vaccine. The use of “faulty dilemma” logic implies that an outcome is
based on one of only two options and ignores the presence of a possible third
option. An example is given in the study by Zimmerman et al. in which the

researchers state “given a description of a disabled child, the choice is either the

vaccine caused the disability or the child is not disabled; the third option that the
disability was genetically determined or occurred in utero is not mentioned as a

possibility” (Zimmerman et al. 2005). This line of thinking is especially dangerous

when encountered on websites by average readers who do not often think critically
about the scientific merit of presented information.
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Internet Use in Vaccine Research
Since the invention of the internet, information is more quickly available than

at any time in history. However, individuals must still practice discernment in what
information they choose to believe and what information should be discarded. This

dilemma presents itself in the controversy surrounding vaccines. Many researchers
feel that the presence of the Internet as an information-gathering source has

“contributed to a broader and faster dissemination of rumors, myths and

‘inaccurate’ beliefs regarding vaccines that have had a negative impact vaccine
uptake” (Dubé et al. 2013). Many studies have shown that information about

vaccines is predominantly negative (Zimmerman et al. 2005) and in addition many
websites do not correctly state that no link has been established between vaccines
and autism (Scullard, Peacock, Davies 2010).

Compounding the wealth of inaccurate information on the Internet (Dubé et

al. 2013; Zimmerman et al. 2005; Kata 2010), Dubé and his associates have found
that there is little information in the literature detailing how exposure to antivaccination websites effects the decision-making of individuals in regard to

vaccinating their children (Dubé et al. 2013). Studies have shown that use of the

Internet for research is strongly associated with vaccine refusals (Dubé, Bettinger,
Halperin, Bradet, Lavo, Sauvageau, Gilca and Boulianne 2012; Smith et al. 2011).

And a study by Betsch et al. showed that anti-vaccination websites have a profound
negative impact on an individual’s beliefs about vaccines even after only 5-10
minutes of exposure (Betsch, Renkewitz, Betsch and Ulshöfer 2010).
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Role of the Provider in Vaccine Education
Healthcare providers represent an important factor in educating individuals

on the merits of vaccines and the repercussions of vaccine refusal. A study done by
Smith and collaborators showed more parents are seeking advice from alternative

health practitioners who do not fully support immunizations and this is correlated
with increasing vaccine refusal (Smith et al. 2011). However, studies have also

shown that a trusting relationship with a provider can be important in changing the
beliefs of a vaccine-hesitant parent (Benin et al. 2006). This provider-patient trust

extends to the population group our study is focused on. A study by Ramsey and
Marczinski showed that college-students were more likely to be vaccinated for

H1N1 if they were recommended to do so by their provider (Ramsey and Marczinksi
2011). Our study will look to expand on this conclusion and determine if this trust
relationship holds for childhood immunizations as well.
Investigating Community Understanding

The following paragraphs will discuss studies that have attempted to both

qualify and quantify population understanding of immunizations in a large

spectrum of contexts, using a wide variety of methods and often focusing on

attitudes and beliefs relating to immunizations. Although many of these studies have
investigated community understanding of immunizations in general populations,

parental attitudes and beliefs have been a focal point of the literature, followed by

research with elderly populations. This apparent population preference is a rational
target for investigators given the susceptibility of young children and elderly

populations to vaccine-preventable diseases, but the literature seems to neglect
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younger, healthier populations who are not yet parents, such as the 18-26 year old

population target of the present study. Furthermore, the literature identifies unique
population contexts as a challenge to investigating community understanding of

immunization, as attitudes and beliefs around immunizations are influenced by a
wide variety of factors.

One of the earlier investigations on population understanding of

immunizations took place in an accident and emergency unit in the United Kingdom
(UK). Here researchers sought to evaluate patient understanding of the nature and
use of adsorbed tetanus toxoid (ATT) through the administration of a short

questionnaire under the supervision of the triage nurse (Davies, Luke and BurdettSmith 1996). After collecting answers to a small number of yes/no questions, the

results of the study revealed that 50.4% of respondents believed ATT to actually be
an antibiotic, 86% believed ATT to be a vaccine, 81% believed ATT would protect
against infection, and 35.6% therefore believed further antibiotic treatment to be
unnecessary (Davies et al. 1996). This study reveals conflicting beliefs and a poor

understanding of the nature and use of the tetanus immunization in this population.
While half of the population believed ATT to be an antibiotic, the majority
concurrently believed it to be a vaccine as well (Davies et al. 1996).

A contemporary study conducted in Ghana, far from the UK, found

comparable results as Davies et al. in a qualitative investigation exploring

community-level factors likely to affect acceptance of a malaria vaccine (Meñaca et
al. 2014). The study took place in two separate regions through 25 focus group
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discussions, 107 in-depth interviews and 21 observation sessions at Child Welfare
Clinics. Results showed limited knowledge of vaccines with the vast majority of
participants unable to name the different vaccines commonly administered to

children, as well as the belief of some participants that a malaria vaccine already

exists. This highlights the vague understanding of vaccines in distinction to other

malaria preventative measures administered by injection (Meñaca et al. 2014). Yet,

in addition, the investigators found that positive attitudes toward a malaria vaccine
would support introduction and that final acceptance of a new vaccine is more

related to general perceived good than specific knowledge of the nature and use of
such a vaccine. Conversely, the investigators conclude that a lack of knowledge of
malaria itself and its associated symptoms could have implications for perceived
efficacy of an eventual malaria vaccine (Meñaca et al. 2014).

Consistent with the findings of Meñaca et al., knowledge of and positive

attitudes toward vaccinations acted as a promoter for immunization coverage in a
systematic literature review which sought to understand determinants of vaccine

acceptance and decision-making globally (Larson, Jarrett, Eckersberger, Smith and
Paterson 2014). Larson et al. utilized multiple databases to search for peer-

reviewed studies across the world which focused on childhood vaccines and used
multivariate analyses. Larson et al. then conducted an analysis of factors which
promoted or hindered vaccination in the various studies. The investigators

identified a wide variety of factors influencing vaccine acceptance including
knowledge, perceived value of and positive attitude toward vaccines, past
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experiences, logistics of vaccine administration, politics, religion, media influences,

geographic barriers and many more (Larson et al. 2014). The researchers conclude

that there is no universal algorithm to determine vaccine decision-making, and that
the factors involved in such decisions are complex and content specific with wide
variance, thereby warranting future qualitative studies in all regions in order to
enhance understanding of decision-making processes (Larson et al. 2014).

Before the aforementioned 2014 study of Larson et al., H.J. Larson co-

authored an article in 2011 which focused on the waning public confidence in

vaccinations and the resultant need to discern what combination of factors are most
likely to sustain public trust (Larson, Cooper, Eskola, Katz and Ratzan 2011). The
authors assert that public trust of vaccines is highly variable, being driven in

addition to scientific and economic evidence by a mix of psychological, sociocultural
and political factors (Larson et al. 2011). Ultimately, they argue, building public

trust in vaccinations will depend on understanding public perceptions on vaccines

and their associated risks along with other complex contextual factors contributing
to public perception on vaccinations (Larson et al. 2011). Although the present
study did not seek to directly measure public confidence in vaccinations or to

identify the myriad of factors involved with vaccine decision-making, the studies

referenced above highlight both the importance and the complexity of contextual
factors in community understanding and beliefs relating to immunizations.
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Parental Attitudes and Beliefs
Throughout much of the literature, attitudes and beliefs of parents regarding

immunization is a common theme. Clearly, this population subset is a logical target
for research as parents are the ultimate determinants of whether or not their

children receive various childhood vaccinations. A review of the literature reveals a

disturbing trend. Many parents possess an incomplete or inappropriate

understanding of the nature and effects of immunizations, leading them to refuse or
delay immunization of their children. One study used a cross-sectional survey to
attempt to describe patterns of alternative vaccination schedules in the United

States and parental attitudes and beliefs associated with such alternative schedules
(Dempsey, Schaffer, Singer, Butchart, Davis and Freed 2011). The investigators
observed that many of these parents held seemingly contradictory beliefs. A

substantial portion of parents who opted for an alternative vaccination schedule
agreed with the claim that undervaccination increases the risk of infection and

disease (Dempsey et al. 2011). Additionally, a large portion of parents who followed
the recommended vaccination schedule exhibited antithetical attitudes toward

vaccination, presenting a possible risk for switching to an alternative schedule. Of
these parents, about 20% believed that delaying vaccination was safer than the
schedule recommended by vaccination experts and 25% disagreed that the

recommended schedule was best (Dempsey et al. 2011). Even in high-priority
groups for certain immunizations, parents were reluctant to follow emphatic

recommendations. One study aimed to discern why Influenza A/H1N1 vaccine

uptake rates were persistently low in asthmatic children, a high-priority group for
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immunization (Buyuktiryaki et al. 2014). As before, a cross-sectional survey was

utilized, this time measuring asthma control parameters, vaccination rates and

beliefs and attitudes toward the Influenza vaccine in three pediatric allergy clinics.

The investigators determined that parental beliefs and attitudes rather than asthma
control parameters influenced parental decision making on adherence to the
Influenza A/H1N1 vaccination (Buyuktiryaki et al. 2014).

Numerous studies reflect the lack of parental trust in expert advice, which

often manifests itself as concern for vaccine side effects and safety risks. (Barbacariu
2014; Benin, Wisler-Scher, Colson, Shapiro and Holmboe 2006; Buyuktiryaki et al.
2014; Healy and Pickering 2011; Luthy, Beckstrand and Peterson 2009). In the

aforementioned survey by Buyuktiryaki et al., 88.6% of parents admitted that fear of
vaccine side effects was a major reason for refusal of the Influenza A/H1N1 vaccine
despite the high-priority recommendations for children with asthma (Buyuktiryaki
et al. 2014). Another group of investigators developed a questionnaire to identify
reasons for parental hesitation in having their children vaccinated (Luthy et al.

2009). Interestingly, the researchers found that the most common parental concern
regarding immunizations was pain and anxiety that the child may experience when
receiving vaccine shots. Still, 24.4% of participants reported side effect and safety
concerns, including the possibility of the child “developing a disease from the

vaccine ingredients,” or “overloading” the child’s immune system, despite receiving
most of their information on immunizations from their primary provider (Luthy et

al. 2009). One study in Romania sought to qualitatively analyze child immunization
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safety concerns in an individual family practice through focus group discussions

with parents (Barbacariu 2014). The investigators elucidated that vaccine refusal

was often heavily motivated by underestimating the severity of vaccine preventable
disease complications while simultaneously overestimating vaccine side effects
(Barbacariu 2014). Consistent with the studies previously referenced, vaccine
decision making was found to be influenced by multiple cultural, emotional,

religious and social factors, but also frustratingly echoed allegations of the AntiVaccination Movement, which claimed that vaccines may “destroy the child’s

immune system,” “compromise natural immunity,” or “increase the risk of allergic
and autoimmune manifestations” (Barbacariu 2014). In response to the ongoing
trend of vaccine refusal, C.M. Healy and L.K. Pickering composed an article

discussing effective communication between health care providers (HCPs) and

vaccine-hesitant parents, highlighting the imperative of understanding parental

concerns regarding immunization as well as influences leading to misinformation
(Healy and Pickering 2011). Although the authors concede that there is much

variation in vaccine decision-making factors, they assert that there is a remarkably

constant underlying premise in parental concerns: fear that vaccination contents are
unsafe, that they will infect the child with the disease for which they are designed to
prevent, or that infection with the “natural” disease is healthier than vaccination
(Healy and Pickering 2011).

Healy and Pickering (2011) once again call attention to the challenge of

categorizing parental attitudes due to the complex educational, societal and
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personal interactions in various contexts. They conclude that open and honest
communication between HCPs and parents is critical, as one-third of parents

express a desire for more information about vaccinations (Healy and Pickering

2011). A study which assessed mothers’ decision-making on infant vaccinations
using qualitative, open-ended interviews of young mothers came to a similar
conclusion to that of Healy and Pickering: a trusting relationship with the

pediatrician was pivotal to vaccination adherence. The lack of such a relationship
was correspondingly decisive in vaccine delay or refusal (Benin et al. 2006).

Consistent with the literature, Benin et al. identified concern for vaccine side effects
to be a significant contributor to vaccine inadherence, along with the belief that
vaccine preventable diseases were not serious and that their own children are

largely safe with other children vaccinated in the population (Benin et al. 2006).
Not all research on parental decision-making regarding immunizations

supports the primacy of parental attitudes and beliefs. A cross-sectional study in
Greece which utilized a questionnaire on attitudes and beliefs towards

immunization found that socioeconomic factors played a greater role in vaccination
coverage than parental attitudes and beliefs (Danis, Georgakopoulou, Stavrou,

Laggas and Panagiotopoulos 2010). Namely, belonging to a minority group, having
multiple siblings and perceiving long distances to sites of immunization served as

independent predictors of delayed and incomplete vaccination (Danis et al. 2010).
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Vaccination Understanding in the Elderly
The rationale for targeting elderly populations in the study of community

understanding of immunizations is analogous to research targeting parental

decision-making around childhood vaccinations, as this subset of the population is
more susceptible to vaccine-preventable diseases and thus require special

immunization considerations. The literature uncovers both similarities and

differences in attitudes, beliefs and behaviors relating to immunizations between

elderly populations and parents. One study sought to measure knowledge, attitudes,
beliefs and behaviors about pneumococcal vaccination in a population of seniors

over age 65 across eight locations in Canada by use of a questionnaire (Schneeberg,
Bettinger, McNeil, Ward, Dionne, Cooper, Coleman, Loeb, Rubinstein, McElhaney,
Scheifele and Halperin 2014). Discordant with the parental behaviors in vaccine

decision-making discussed above, the investigators found both in the literature and

through their own investigation that vaccine provision by a healthcare provider was
one of the strongest and most consistent independent predictors of pneumococcal
and influenza vaccination adherence among the elderly (Schneeberg et al. 2014).

Still, Schneeberg et al. highlight the detrimental effects of incomplete understanding
as stated in the literature. They acknowledged that lack of knowledge about the

pneumococcal vaccine is directly associated with lack of pneumococcal vaccination

coverage among adults ages 65 and older (Schneeberg et al. 2014). They emphasize
the power of inadequate understanding in declaring that physician uncertainty

about the effectiveness of the pneumococcal vaccine may explain an apparent lack of
vaccine advocacy to patients, and they suggest that maximal gains in pneumococcal
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vaccination coverage are likely to be achieved through improved education for both
patients and clinicians (Schneeberg et al. 2014).

Other studies involving elderly populations reached conclusions which are

more congruous with parental behaviors in vaccine decision-making. In one such
study, researchers conducted a systematic review of the literature in order to

identify factors related to uptake of immunizations in elderly populations (Eilers,
Krabbe and de Melker 2014). First, the investigators identified six main factors

contributing to the willingness of the elderly to adhere to vaccine recommendations:
attitudes and beliefs, perceived risk, vaccine characteristics, advice and information,
general health behavior, and access and affordability of vaccinations (Eilers et al.

2014). They conclude that the two most influential factors were attitudes and beliefs
as well as negative beliefs on vaccine characteristics, such as a mistrust of shot

contents in an influenza vaccination (Eilers et al. 2014). Specifically, Eilers et al.
found that vaccine uptake was negatively associated with the opinion that

vaccination weakens one’s natural defenses and that immunizations are painful,
cause diseases or are irrelevant to health (Eilers et al. 2014). The investigators
identify numerous other barriers to vaccination adherence as well, including

individuals not believing or knowing that a vaccination is recommended, perceiving

a low level of risk and severity of vaccine preventable infectious disease, and making
assumptions about vaccine side effects and lack of efficacy (Eilers et al. 2014). The
researchers further note that a lack of information about the effectiveness and

safety of the influenza vaccine was the most frequent reason given by patients for
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low vaccine uptake, and the authors therefore propose that knowledge is the first
step toward acceptance of vaccination recommendations (Eilers et al. 2014).
Studies in the Twin Cities

Research related to community understanding of immunizations conducted

in the Minneapolis-Saint Paul area of Minnesota is limited at best. Notably, studies
have trended toward immigrant populations in the Twin Cities, which

accommodates a diverse population of people who have migrated to Minnesota

from various regions around the world. Even so, there are studies which adhere to
the target population trends of the literature as a whole. For example, one study
conducted by the Minnesota Department of Health sought to evaluate the

knowledge, attitudes and beliefs regarding pneumococcal vaccination (PPV) in
adults over age 65 in the Minneapolis-St. Paul Metropolitan area (Ehresmann,
Ramesh, Como-Sabetti, Peterson, Whitney and Moore 2001). This study was

consistent with other research supporting the value of patient knowledge and

understanding in achieving adequate vaccination coverage. The investigators found
that unvaccinated respondents expressed willingness to be vaccinated with PPV

should they be adequately informed of the safety, dosage and preventative role of

PPV (Ehresmann et al. 2001). Ehresmann et al. also noted that PPV awareness and
positive opinions toward its importance were associated with PPV vaccination
adherence, concluding that vaccination coverage may be easily improved with
educational efforts addressing PPV misconceptions (Ehresmann et al. 2001).

As stated above, other studies have focused on immunization understanding

in immigrant populations of the Twin Cities. One of these studies sought to assess
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knowledge and behaviors related to hepatitis B (HBV) infection and its vaccine,

using a participatory community-based cross-sectional study of 167 adult Laotian
immigrants (Xiong, Nguyen, Strayer, Chanthanouvong and Yuan 2013). The

researchers determined that 58% of participants had never even heard of HBV, only
20% were aware that sexual contact was a mode of infection transmission, and over
25% did not believe that HBV could be treated or prevented (Xiong et al. 2013).

Such misunderstandings of the nature and prevention of a serious infectious disease
like hepatitis B should be alarming to any community, and they underscore the
importance of assessing and improving understanding of immunizations in
communities everywhere.

Another study in the Twin Cities purposed to assess parental perceptions

and utilization of vaccines –particularly the measles-mumps-rubella (MMR) vaccine-

through use of a survey administered to Somali and non-Somali parents of children

under five years old in a Minneapolis family medicine clinic (Wolff and Madlon-Kay
2014). The investigators ascertained that though no Somali parents reported

concern about vaccine efficacy or lack of supporting research, 57.1% had heard of

problems with the MMR vaccine and 47.9% reported refusal of MMR vaccination for
their children due to personally knowing someone who had experienced adverse

effects from the MMR vaccine (Wolff and Madlon-Kay 2014). The researchers also

found that Somali parents were significantly more likely than non-Somali parents to
believe that the MMR vaccine can cause autism, and all such Somali believers

claimed that they personally knew a child who developed autism after receiving the
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MMR vaccination (Wolff and Madlon-Kay 2014). Among non-Somali parents who

held the same belief, 40% reported that members of the community influenced

them in development of that understanding and 20% reported that they themselves

conducted research and believe that science supports the connection between MMR
and autism (Wolff and Madlon-Kay 2014). Finally, although parents were not likely

to agree that there was no proven link between autism and vaccines, the majority of
all parents agreed that vaccines are a good way to protect children from disease,

that vaccines in general are quite safe, and that all children should receive all of the
recommended vaccinations (Wolff and Madlon-Kay 2014).
Summary

The literature demonstrates an overall inadequacy in community

understanding of immunizations and calls for further research of the contributors to
vaccine decision-making. Research ventures, articles and discussions have largely

focused on the attitudes and beliefs of parents as well as perspectives of the elderly

regarding vaccine preventable diseases and their corresponding immunizations.

The established literature highlights the immense challenge that unique contextual
factors pose to those who seek to understand the nuances of vaccine decision-

making behaviors. Finally, the literature reveals that research conducted in the Twin
Cities is limited at best. For these reasons, the present study aimed to assess the

understanding of undergraduate students –a largely neglected population- in the
context of the Minneapolis-St. Paul area. This population target contains current
parents as well as people who may become parents in the near future. Their

opinions, beliefs and attitudes regarding immunizations are developing even now,
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forming a foundation for the vaccine decision-making behaviors they will exhibit in

the future. Findings of the present study provide valuable information about this
particular population in the unique context of the Twin Cities, generating new
considerations for future vaccine education endeavors.
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Chapter 3- Methodology
Introduction
The purpose of this study was to assess the current understanding of

immunizations and their specific diseases and to identify potential areas of

education among undergraduate students at Bethel University. The methods

outlined below attempted to gather sufficient data to answer this research question:
What is the current understanding of the nature and the importance of vaccinations
in undergraduate students at Bethel University? This study was a pilot study and
there was no specified hypothesis. The following sections will be covered in this

chapter: study design; validity and reliability; data collection process; data analysis;
limitations and delimitations.
Design

The present study was a pre-experimental design and utilized a simple

questionnaire administered one time to subjects who were currently enrolled full-

time or part-time in an undergraduate college degree program at Bethel University.
Participants were given a verbal informed consent explanation before taking the
survey (See appendices B & A respectively). This study was approved for Bethel
University IRB Level 3 (See Appendix C).
Study Subjects

The criteria for inclusion was current enrollment as an undergraduate at 18

years of age or older. The criteria for exclusion included all others who did not fit

the inclusion criteria. This population was chosen due to two primary factors. First,
the sample was convenient due to close proximity and previously established
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connections with faculty for access to the student population. Second, individuals in
this age range are likely future parents and will have a profound impact on future

vaccination of children. The number of individuals who completed the survey in this
study was 171. The researchers felt that the desired population was achieved after
surveying three classes, though permission was obtained to survey four.

Validity and Reliability

The present study sought to ensure reliability by utilizing a single set of

identical survey questions administered to each participant exactly once. In addition
to the self-same nature of the data collection tool as administered to participants,

the questions within the survey were largely close-ended with true or false answers

and identification questions. The design of the survey therefore allowed for strongly
reproducible data. The study ensured validity through a diverse set of questions on
vaccination understanding, which were developed in reference to established

literature that sought out similar information. To ensure readability of the survey
prior to surveying students, the survey was sent to professors for review and

suggestions.

Data Collection Process
The surveys were administered during class time of different classes at the

Bethel University campus, including both science (biology) and non-science

disciplines (business, music/choir, etc.). The primary reasons for comparing science
vs. non-science majors were as follows: an adequate n for comparing means and
analyzing how a scientifically educated background impacts one’s opinions on
vaccinations. Prior permission was obtained by the professors to come in and
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proctor surveys and collect data from students (See Appendix D). The surveys were

distributed in paper form to the students and collected by the researchers. The

researchers took all efforts to ensure that no outside resources (i.e. internet or text

messaging) were used to provide correct answers to survey questions. The survey
subjects were anonymous and participation was voluntary. Students were able to
choose to opt-out of the survey. The only personal information collected from

subjects was ethnicity, gender and major. Data collection took place between late
April 2015 and early May 2015.1
Data Analysis

The data collected was analyzed using simple percentages to describe the

answers to the questions of the survey. Questions 6 and 7 [see appendix A for

survey], were assigned answers deemed to be correct as determined by current
scientific knowledge presented by the Center for Disease Control (CDC) and the

American Medical Association (AMA). Once the completed surveys were obtained

the researchers determined the percentages of correct answers for each question.
The populations that were compared to see if there was a statistically significant

difference in this study were science majors and non-science majors. The responses
to questions 6, 7, 11 and 13 [See appendix A for survey] for science and non-science

majors were compared using an unpaired t-test. All other results listed in this study
are purely descriptive of their respective populations and did not receive any
statistical analysis.

The physical copies of the completed surveys were kept in a folder/binder

that was stored in a locked fire-safe in a researcher’s home. The data was copied
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into Microsoft Excel for digital storage on the researchers’ personal computers.

Upon completion of the project all surveys and data are stored in a secure file with
the Bethel University Physician Assistant Program.
Limitations and Delimitations

This study was limited by the nature of the respondents. Research in this

project was limited to just Bethel University and did not take into account the views
at other local Twin Cities Universities such as the University of Minnesota,

University of St. Thomas, etc. Individual responses were not mandatory and thus
could not be controlled. Delimitations of this study were directly related to the

inclusion and exclusion criteria. The subjects of the present investigation were

students currently enrolled in an undergraduate program at Bethel University in

Minnesota, and therefore did not accurately represent a complete local community
population or a general population of similar ages in the Twin Cities area.
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Chapter 4 – Results
Introduction
The four questions chosen for statistical analysis were the following:

Questions 6 [Figure 2], 7 [Figure 2], 11 [Figure 3] and 13 [Figure 4]. These figures
can all be found in the section comparing science vs. non-science majors. The
techniques used to calculate the individual p-values for these questions are

explained after Table 2 further on in this chapter. The rest of the tables and figures
in this chapter, with the exception of Table 2, are purely descriptive in nature and
should be used for reference or insight into other possible avenues of research.
Demographics

Table 1 illustrates the various demographics included in the survey

responses for the sample population. For the entire sample population, n = 171. To

review, science majors were those in biology, chemistry, physics, nursing, etc. while

non-science majors are those that do not fit into the science category. For hometown
sizes, rural is considered 0-2500 people, urban cluster (suburban) is 2,500-50,000
and urban is >50,000 people as defined by the US Census Bureau. The gender

difference in the population sample was 50 males to 121 females. As for hometown
size, most respondents came from suburban areas (112) than from urban (36) or
rural areas (21).
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Table 1 – Demographics of Sample Population
Gender

Major

Male

50

Female

121

Science

96

Rural

21

Non-Science

Hometown size

73

Suburban

112

Freshmen

46

Junior

29

Urban

Year in School

Sophomore
Senior

36
58
37

Figure 1 illustrates the total responses given to the question of whether the

respondents plan on vaccinating their children. Of those surveyed, 161 said yes, 2
said no and 8 respondents indicated they had no plans for having children in the
future. For question 10, n = 171.
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Figure 1 – Question #10: If you plan on having children at some point will you have
them vaccinated?
Science vs. Non-science majors
Figure 2 illustrates the discrepancy in knowledge between the science and

non-science major populations. Question 7 from the survey asks respondents to

answer 6 true/false questions regarding information about vaccines and how they
are used. Question 6 asks respondents to identify which diseases currently have

vaccinations from a list of the following diseases: Measles, HPV (Human Papilloma

Virus), Pertussis, Influenza, Strep throat, Pneumonia, Meningitis, HIV, Hepatitis B,

Hepatitis C, Tetanus, Lyme Disease, Mumps and Crohn’s Disease. For science majors
n = 96, for non-science majors n = 73. For question 7 (see Appendix A), science

majors answered 79.7% of the question correctly on average, compared to 72.1% in
non-science majors. The difference in performance on Question 7 between science
and non-science majors represented a p-value of 0.0162, showing that the higher

performance by science majors is statistically significant (p < 0.05). For Question 6
science majors answered 18.5% of the question incorrectly on average as a group
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compared to 23.8% in non-science majors. Also for Question 6, science majors

answered 71.2% of the question correctly on average, compared to 65% in non-

science majors. The difference in performance on Question 6 between science and
non-science majors represents a p-value of 0.0009, showing that the higher
performance by science majors is also statistically significant (p < 0.05).

Figure 2 – Comparing general vaccination knowledge between science and nonscience majors.
Figure 3 illustrates the difference in opinion between Science and non-

Science majors in the importance of vaccinating their children. Respondents were

polled on a Likert scale ranging from very important to not important. For science
majors n = 93, non-science majors n = 69. The first analysis between population

groups compared science majors (nursing, biology, physics, etc.) with non-science
majors (art, history, social work, etc.) in order to determine whether opinions or
answers differed between groups. The first question analyzed was Question 11,

which asks how important the respondents feel it is to vaccinate their children (see
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Figure 3). In this analysis, 99% of science majors feel it is either slightly important
or very important to vaccinate their children; 69% of non-science majors feel the
same way. 25% of non-science majors are neutral and 6% feel it is slightly

unimportant. The difference between science and non-science majors represents a
p-value of 0.0002, which is statistically significant (p < 0.05).

Science Majors

Non- Science Majors

Figure 3 – Question #11: How important do you feel it is to vaccinate your children?
Figure 4 illustrates the difference in opinion between Science and non-

Science majors in regard to the importance of keeping themselves vaccinated.

Respondents were polled on a Likert scale ranging from very important to not

important. For science majors n = 93, non-Science majors n = 69. Of those polled,

92% of science majors felt it was very important or slightly important and only 2%
felt it was slightly unimportant; 81% of non-science majors felt it was very

important or slightly important, and 7% felt it was slightly unimportant or not

important. The difference between science and non-science majors represents a pvalue of 0.0002, which is statistically significant (p < 0.05).
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Science Majors

Non-Science Majors

Figure 4 – Question #13: How important do you feel it is to keep up on your own
vaccinations?
Table 2 illustrates the p-values for the specified questions where values of p

< 0.05 are statistically significant. For calculating question 6Q, the number of correct
choices was taken out of 9 and the number of incorrect choices was subtracted from
5. The raw score was added together to equal x out of 14 and that number was used
to calculate the p-value using an unpaired t-test. For question 7 the raw score

correct out of 6 was used. Questions 11 and 13 were formatted as a Likert scale with
1 being very important and 5 being not important. These numbers were used as a
raw score to compare means using an unpaired t-test.
Table 2 – P-values for questions 6, 7, 11 and 13
Question
6
7
11
13

Science Majors
Mean, Std. Dev
10.50, 1.56 (n = 96)
79.9%, 20% (n = 96)
1.19, 0.47 (n = 93)
1.43, 0.71 (n = 93)

Non-Science Majors
Mean, Std. Dev
9.62, 1.83 (n = 73)
72.3%, 20.3% (n = 73)
1.61, 0.88 (n = 69)
1.92, 1.00 (n = 73)

p-value
0.0009
0.0162
0.0002
0.0002
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Effect of Information Sources
Figure 5 illustrates the various sources that survey respondents use to gather

their information regarding vaccinations. The most common sources of information
on vaccines that respondents identified (see Figure 5) were their doctor/provider

(155), friends/family (129) and the Internet (91). Primary research articles (65), TV
(39) and radio (10) made up the remainder of the source options that respondents
used to find information on vaccinations.
Other
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Figure 5: Where did respondents find their information on vaccines?
Figure 6 illustrates how respondents performed on Questions 6 and 7 based

on the sources of information that they used to research vaccinations. Clinical

studies n = 65, Doctor/Provider n = 155, Friends/Family n = 129, Internet n = 91

and TV n = 39. The radio and other categories were not included in this analysis. The
respondents who used clinical studies as their source of information performed the
highest on the assessments in Questions 6 and 7 while those who used TV as their
source performed the most poorly. Respondents who used the Internet,

doctor/provider, or friends/family sources performed fairly similarly on all three
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assessments from Questions 6 and 7. Due to insufficient sample sizes, the radio and
other categories were not included in this analysis.

% Correct on
Question 6

% Incorrect on
Question 6

% Correct on
Question 7

Figure 6: Quiz performance based on sources of information.

Figure 7 illustrates the differences of opinion on the importance of childhood

vaccinations based on where respondents have gathered their information on

vaccines. Sample sizes for the various sources are as follows: Clinical studies n = 64,
Doctor/Provider n = 149, Friends/family n = 126, Internet n = 88. Of the

respondents who used clinical studies as a source of information, 89% felt it was
very important to vaccinate their children. 75% of respondents who found
information on the Internet felt it was very important compared to 68% of

respondents who used their friends/family as their primary source and 72% of
respondents who relied on their doctor/provider for information.
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Clinical Studies

Friends/Family

Doctor/Provider

Internet

Figure 7: How do different educational sources impact opinions on the importance of
vaccinating their children?
Figure 8 illustrates the difference in opinions on the importance of

maintaining one’s own vaccinations based on where respondents gathered their

information on vaccinations. Sample sizes for the various sources are as follows:

Clinical studies n = 65, Doctor/provider n = 155, Friends/family n = 129, Internet n
= 91. Of those surveyed, 71% of those who used primary research as a source of
information said it was very important to them compared to 57% of those who

consulted their doctor, 52% who utilized friends/family and 57% of those who used
the Internet. Of the respondents who consulted primary research as a source of

information, there were no participants who rated their own vaccination status as
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unimportant. For respondents who consulted their doctor, 4% felt that maintaining
their own vaccinations was slightly unimportant or not important compared to 4%
of respondents who used the Internet as a source and 5% of respondents who
utilized friends/family.

Clinical Studies

Friends/Family

Doctor/Provider

Internet

Figure 8: How do different educational sources impact opinions on the importance of
keeping up on one’s own vaccinations?
Conclusion
To summarize, some statistically significant differences exist between

science and non-science majors in regard to vaccines. Responses to survey

questions 6, 7, 11 and 13 between science and non-science majors were compared
and analyzed using an unpaired t-test, where p-values < 0.05 are considered
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statistically significant. In questions 6 and 7, science majors performed statistically
better than non-science majors regarding information known about vaccines. For
questions 11 and 13, science majors were statistically more likely to vaccinate
themselves and their children.
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Chapter 5 – Discussion
Introduction
Immunizations represent a source of contention among many individuals in

recent years. Despite overwhelming evidence to the contrary, some maintain the

belief that vaccines can cause autism and that they also fail to provide the intended
benefit. The data gathered in this study, while only representative of a very small

subset of the population as a whole, show some interesting differences of opinions
and knowledge about immunizations in college students at Bethel University. The
data in this study suggest that undergraduate science majors are better informed
about the truths behind immunizations than non-science majors. In addition, the

data suggest that science majors are more likely to both vaccinate their children and
to stay up-to-date on personal vaccinations as well. Finally, the authors believe that

observations in the present study support the established literature in noting a lack
of understanding of immunizations in the general population.
Discussion

The questions chosen to assess knowledge of immunizations in this study

were questions 6 and 7. Both questions showed a statistically significant difference
between science majors and non-science majors (question 6 p= 0.0009, question 7
p= 0.0162), with science majors performing significantly better on both questions.
Despite the statistically significant difference in immunization understanding

between science and non-science majors, we also subjectively observed a general

lack of understanding in the undergraduate population as a whole. Although science
majors performed significantly better on survey questions 6 and 7 (the questions
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used to assess knowledge of immunizations), they still completed, on average, only

79.7% of question 7 correctly and just 71.2% of question 6. This study does not seek
to define exactly what can be considered a lack of immunization understanding, but
the authors are of the opinion that these numbers are unacceptable, particularly in
the post-high school, higher-education setting. The authors conclude that the

present study supports the findings of the established literature-as discussed in

Chapter 2- which suggests that there is an unacceptable lack of understanding of
immunizations in the general population (Barbacariu 2014; Benin et al. 2006;

Davies et al. 1996; Eilers et al. 2014; Healy and Pickering 2011; Luthy et al. 2009;
Meñaca et al. 2014; Wolff and Madlon-Kay 2014; Xiong et al. 2013).

Question 11 asked respondents how important they feel it is to vaccinate

their own children if they plan on having them. Again, there was a statistically

significant difference in opinions between science and non-science individuals (p =
0.0002). According to the data, science majors are more likely to vaccinate their
children than are non-science majors.

Question 13 asked respondents how important they feel it is to keep up on

their own vaccinations and science majors were again significantly more likely than
non-science majors to do so (p = 0.0002).

Our data seem to support the established literature in the assertion that less

knowledge and understanding about the nature of immunizations does indeed

correlate with weaker attitudes towards vaccinations that may subsequently lead to
inadequate rates of vaccinations in both individuals and their children (Benin et al.
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2006; Buyuktiryaki et al 2014; Dempsey et al. 2011; Ehresmann et al 2001; Eilers et
al. 2014; Larson et al. 2014; Meñaca et al. 2014; Schneeberg et al. 2014; Wolff and
Madlon-Kay 2014).

A possible explanation for the discrepancy between these two populations

could be that students in the sciences tend to spend much more time learning about
how biology and the human body function. In addition, individuals in the sciences
are often required to utilize primary literature articles and textbooks for

assignments. Regular use of evidence-based sources may provide a stronger
understanding of which sources qualify as reliable information. Despite the

underlying causative factors, the results of this study-in a limited sample-show that
there is a difference in vaccination knowledge and understanding between science
and non-science majors in an undergraduate setting.

Another notable trend in the data-though not analyzed for statistical

significance-was the apparent correlation of the use of primary research literature

with both improved immunization understanding and attitudes. Improved accuracy
on questions 6 and 7 and the most positive opinions on questions 11 and 13 came

from those who used primary research literature articles as their primary source of
information on vaccines. In contrast, those who used the Internet, TV, family or

friends as primary sources of information appear to have performed worse on those
same questions; though again, no statistical analyses were conducted on this

particular data set and thus statistical significance is unclear. Interestingly, those
who claimed doctors or clinicians as their primary source of vaccine information
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performed similarly to those who used the Internet, TV, family or friends. These
trends suggest that the use of primary research articles may aid in community
understanding of immunizations.
Limitations

One notable limitation of this study lies in its inability to analyze the

causative factors behind the differences in attitudes and opinions both within and

between the populations studied. Using the results of this study, it is impossible to
deduce the magnitude of influence that curriculum, life experience, unique

personality traits, demographics, or other factors have on the development of

attitudes and opinions about immunizations. Interestingly, this particular limitation
to our study supports the current literature, which suggests that attitudes and
opinions about immunizations are likely influenced by a complex relationship
between numerous factors.

Another limitation of this study is that it fails to provide insight into the effect

of attitudes and beliefs about immunizations on actual rates of vaccination. This
study however, sought to assess community understanding, as the established
literature-discussed in Chapter 2-has largely focused on attitudes and beliefs.

Finally, perhaps the most obvious limitation of this study, as previously

discussed in Chapter 3, is that it represents a very specific and limited population.
The results of this study cannot be considered representative of the general

population or even that of Arden Hills, Minnesota, where Bethel University is
located.

45

Recommendations
As stated above, observable trends in the data suggest that the use of primary

research articles may aid in community understanding of immunizations. Future

studies should assess the educational impacts of information from primary research
studies on the overall understanding and attitudes of immunizations in various

populations. The data also suggest that the present educational tactics of clinicians
may not be as effective as the use of primary research literature. Future studies
should continue to analyze the effectiveness of clinicians and clinic policies in
educating patients about immunizations.

As noted in the limitations section, the present study did not seek to analyze

the causative factors behind the differences in attitudes and opinions between

subjects. This would be an excellent question for future research studies to pursue.
One population group to consider for such studies is high school seniors, who are
still required to have a very well-rounded education curriculum versus the more

specialized studies of undergraduate college students. Another possible avenue of
research would be to separate out specific majors within each cohort of

undergraduate students (science vs non-science) on a much larger scale to see if

there are any trends. Future research studies in this age group would benefit greatly
from increased population sizes to enhance data reliability. In addition to these

pursuits, future studies should seek to specifically analyze the effects of attitudes
and beliefs about immunizations in the undergraduate population, as well as

analyzing the relationship between the attitudes or opinions of students with that of
their parents.
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The data collected in this study suggest that immunization-specific education

to non-science majors may prove beneficial in generating more positive attitudes

and beliefs about immunizations. Potentially useful educational topics in addition to
the nature of immunizations may include those focused on the immune system, the
brain, infant development and other biological topics relating to vaccines.

Researchers should assess the effects of immunization-related educational

interventions in undergraduate populations as well other age groups largely

neglected in the literature, such as high school students. Assessments such as these

may yield valuable insight into the efficacy of specific education strategies aimed at
increasing immunization understanding in the general population.
Conclusion

The data collected and presented in the present study have revealed that a

significant difference exists in immunization understanding between undergraduate
students; undergraduate science majors are more likely to vaccinate both their

children and themselves than non-science majors, possibly due to a more complete
understanding of immunizations. Based on the data in this study, a promising

avenue for changing the opinions on vaccinations in this particular population lies in
discovering any causative factors for the difference in immunization understanding

between science majors and those in the non-sciences. Whether such factors include
personality type, educational background, parental attitudes, curriculum, or other

factors remains unclear. Future studies may be able to deduce key causative factors
and therefore provide valuable information for a focused, effective approach at
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immunization education. Effective educational tactics will be a critical component in
the pursuit of improving understanding of immunizations in the general population.
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Appendix A – Questionnaire
Survey Questionnaire
1. What is your gender?
___ Male

___ Female

2. What is your Major?

______ Science (Biology, Chemistry, Nursing, etc.)

______ Non-science (Business, Art, Biblical studies, etc.)

3. What is the highest level of education your parents obtained?

Doctoral Degree (Ph.D, MD, DO, etc.)
Master’s Degree

Mother

Father

_______

_______

_______

_______

Undergraduate Degree (BA, BS, etc.)

_______

_______

Did not graduate high school

_______

_______

High school/GED
N/A or unknown

4. What size of city did you grow up in?

_______
_______

_______
_______

______ Rural (0-2,500) ______ Urban Cluster (2,500-50,000) ______ Urban Area

(50,000+)

5. What is your current year in school?
______ Freshmen ______ Sophomore ______ Junior ______ Senior
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6. Which of the following diseases have vaccines? (Check all that apply)
______ Measles

______ HPV (Human Papilloma Virus)

______ Strep throat

______ Pneumonia

______ Pertussis (Whooping cough)
______ Meningitis

______ Hepatitis B
______ Tetanus
______ Mumps

______ Influenza
______ HIV

______ Hepatitis C

______ Lyme Disease

______ Crohn’s Disease

7. Answer True/False to the following statements regarding vaccines
Vaccinations protect you from future diseases
Vaccinations treat diseases you already have

Some vaccinations may lead to/cause autism

T____ F____

T____ F____

T____ F____

Vaccinations may give you the disease they are designed to prevent
Antibiotics are a good alternative to vaccinations

An infant’s immune system can adequately handle vaccines

T____ F____

T____ F____

T____ F____
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8. Where do you find your information about vaccines? (Check all choices
that you use)
TV _________
Internet __________

Friends/Family ___________

Doctor/Provider ____________

Clinical studies/research ____________
Radio ___________
Other ___________

9. Do you plan on having children at some point?
____ Yes

____ No (skip to question 12)

____Yes

____No

10. If you plan on having children at some point will you have them
vaccinated?

11. If you plan on raising a family in the future, how important do you feel it
will be to vaccinate your children? (Check one)

ο
ο

Very important
important

ο

ο

ο

Slightly important

Neutral

Slightly unimportant

Not

12. Are you currently vaccinated?
_____ Yes

______ No
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13. How important do you feel it is to keep up on your own vaccinations?
(Check one)

ο

ο

ο

ο

Slightly important

Neutral

Slightly unimportant

ο
Very important
important

Not
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Appendix B – Informed Consent
[To be read aloud upon administration of the survey]

Hello Bethel University undergraduate students,

We are Jeff Dahlquist and Steven Lindblom- two physician assistant students from

the PA program here at Bethel University. We are conducting a research project in partial
fulfillment of the requirements for a Masters Degree in Physician Assistant Studies. Our
research study seeks to investigate the level of understanding of the nature of

immunizations and vaccine preventable diseases in undergraduate students at Bethel
University.

In just a moment, we will administer a survey designed to gather the information

necessary to complete the data collection of this research project. The survey is optional

and you may decide to quit the survey at any time. The survey will take approximately 5-10
minutes to complete. By completing this survey, you are indicating informed consent to

participate in this study. Reports and discussions of the data will discuss group data rather

than individual responses, and your identity will be kept strictly confidential. Participation
in this survey is voluntary.

We understand that you all have busy schedules and that your time is limited, but

we hope you will understand that your participation is vital to the success of this research.
Thank you in advance for your response to this study. Please do not use any phones,

computers or other devices during the administration of this survey. When you are finished
completing the survey, please bring it to the front of the class and leave it with one of the

researchers. Thank you again for your help. We will now administer surveys to those who
wish to participate.

60

Appendix C – IRB Approval

Wallace Boeve

<w-boeve@bethel.edu>

to Steven, Jeff, Peter

4/28/15

Mr. Dahlquist & Mr. Lindblom;

With the permission of Bethel's IRB and as the PA Program Director, I write this letter to you in approval
of Level 3 Bethel IRB of your project entitled: "An Analysis of Immunization Understanding in
Undergraduate Students at Bethel University" This approval is good for one year from today's date for
collecting the data. Additionally, prior to data collection, professor review of your final survey must be
completed as well as all approvals from instructors on file. Please let me know if you have any questions."
Sincerely;

Wallace Boeve, EdD, PA-C
Program Director
Physician Assistant Program
Bethel University
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